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ABSTRACT. The relationship of passive smoking to respiratory 
conditions and pulmonary function was assessed using a cross- 
sectional design in the defined population of Tecumseh, Michigan. 
The study population was made up of 3,482 children who were 0 to 
19 yr of age at the 1962-1965 examination and for whom questionnaire 
information was available for both parents. Nearly 62% of children 
in this age group were exposed at the time of examination to at 
least 1 parent who smoked. Passive exposure to cigarette smoke 
was associated with an elevated prevalence of phlegm, wheeze, 
asthma, and chest colds among males and wheeze, bronchitis, and 
chest colds among females. Using logistic regression, offspring 
were shown to be 1.5 to 2.0 times more likely to have a respiratory 
condition if both their parents currently smoked than if both 
parents never smoked. FEV1 and FVC among males and Vmax50 among 
females were significantly lower by 5% in nonsmokers 10 to 19 yr 
of age whose parents were current smokers compared with similar 
offspring of never smoking parents. Respiratory conditions were 
generally more frequent and the level of lung function was generally 
lower for males from households where only mothers smoked compared 
with males from households where only fathers smoked, although 
sample size was limited. In females similar relationships were 
less consistent. Differences tended to be larger and more often 
significant for males than for females when respiratory symptoms 
and illness were examined. Comparisons between offspring of 2 
current and 2 never smoking parents and those involving the number 
of parental smokers in a child's lifetime provided stronger 
associations of passive smoking with respiratory conditions and 
lung: function than did the number of household smokers, duration, 
or amount of parental smoking. In general, these associations 
were independent of parental education, family size, parental 
reporting bias, and the child's own smoking habits. 
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Introduction 

Until recently, relatively few studies 
have focused on the health effects of pas¬ 
sive or involuntary smoking- Passive 
smoking during infancy and childhood 
has been associated with acute respira¬ 
tory illness (1-16), chronic respiratory 
* symptoms (17-22), and reduced pulmo¬ 
nary function (21, 23-26), although not 
all investigations have confirmed these 
associations (27-31). The qualitative and 
quantitative differences of mainstream 
and sidestream cigarette smoke have bten 
documented (32, 33); a number of con¬ 
stituents are more concentrated in side- 
stream than in mainstream smoke. The 
need for better characterization of ex¬ 
posure and control of potential con¬ 
founding factors has been recognized 
(34-37). 

Investigations involving young chil¬ 
dren are of interest for several reasons: 
(/) confounding effects of active smok¬ 
ing and occupational exposures are ab¬ 
sent, ( 2 ) children may be more exposed 
and/or susceptible than aduhs, and (i) 
, the risks of passive exposure can be as¬ 
sessed during the period of lung growth 
and development. Children spend 60 to 
80^o of their time indoors (38), depend¬ 
ing on season and geographic location. 
Because cigarette smoking is prevalent 
among adults, the likelihood of passive 
exposure in children is high. It has been 
estimated that 54 to 70Vo of children are 
exposed to one or more cigarette smokers 
in the household environment (I, 27,28, 
38, 39). Because of the large number of 
exposed persons, the proportion of time 
spent indoors and recent energy conser¬ 
vation efforts, the public health impact 
of passive smoking could be substantial. 

The purpose of this study was to as¬ 
sess the cross-sectional relationships of 
Passive smoking to respiratory symp¬ 
toms, illnesses, and lung function in chil^ 
dren and adolescents of Tecumseh, Mich- 
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igan. Several measures of passive smok¬ 
ing were developed from questionnaire 
data. Effects of parental education, fam¬ 
ily size, parental symptoms and illnesses, 
and active smoking by the children them¬ 
selves are evaluated. 


Methods 

Study Population 

Residents of Tecumseh, Michigan have been 
participants in a community-based prospec¬ 
tive investigation for the past 25 yr. The ma¬ 
jor purpose of the Tecumseh Community 
Health Study has been to identify deter¬ 
minants of health and disease in a natural 
community. Its design, methods, and histor¬ 
ical perspective have been described previously 
(40-42). Standard questionnaires, certain 
physiologic measurements, and clinical assess¬ 
ments by physicians were available. 

During the second cycle of examinations, 
conducted between 1962 and 1965, a total of 
4,378 children and adolescents 0 to 19 yr of 
age were interviewed and examined. Of the 


4,378 subjects, the following were excluded 
from this investigation: 82 because they were 
not residing with their parents, 688 because 
both parents were not interviewed, and 126 
because they were active smokers (smoking 
habits were available only for those 16 to 19 
yr of age; children 15 yr of age or youngeT 
were assumed to be nonsrookers). A total of 
3,482 nonsmoking males and females 0 to 19 
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TABLE 1, 

REGRESSION STATISTICS FOR LUNG FUNCTION MEASUREMENTS. ASYMPTOMATIC NONSMOKING 
MALES ANO FEMALES. TECUMSEH; 1962-1965* 


m^rttuor SutiVbCS 


Sex 

irt 

Measure 

r> 

• 

* 

• *» 

R* 

Syx 

Male 

10-15 

FEV, 

629 

-6293 

am 

0043 

0747 

0423 



FVC 

628 

-6447 

ana 

00S2 

0739 

0507 



Vmax« 

616 

-4311 

0152 

0036 

0490 

0729 


79-19 

FEX 

127 

-6722 

- 

0046 

0289 

0534 



FVC 

t27 

-6214 

— 

0064 

0303 

0720 



Umax* 

124 

-1226 

- 

0034 

0075 

0690 

Female 

K>-15 

FE\L 

624 

-3666 

0093 

0032 

0550 

0396 



FVC 

624 

—4322 

0096 

0036 

0559 

0437 



tonaxw 

614 

-2216 

0112 

0031 

0264 

0754 


16-19 

FEV, 

155 

-3397 

— 

0040 

0233 

0432 



FVC 

155 

-3305 

— 

0041 

0220 

0459 



Vmax* 

154 

-2134 

- 

0037 

0054 

0940 
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yr of Age and members of their households 
constituted the study population* 

Cues/ionne/nr 

person*!, demographic; and medical infor¬ 
mation were ascertained using a standard 
questionnaire. Parents responded for children 
15 yr of age or younger. Several respiratory 
symptoms and illnesses were selected for 
evaluation: these included cough, phlegm, 
wheeze, asthma, bronchitis, and colds settling 
in the chest. In general, questions involved 
a past history of these conditions, rather than 
ascmainxDeDf of symptoms and illnesses de¬ 
fined only at the timt of interview. Specific 
questions used to define these respiratory con¬ 
ditions and results concerning neonatal, al¬ 
lergic, and other conditions are r eported else- 
where (43) The diagnostic criteria for asthma, 
reported by Higgins and Keller (44) and 
Broder and coworkers (45), were used, and 
a probable or suspect diagnosis was included 
as asthma. 

Information was available concerning pa- 
_ rental education, family size, and presence or 
absence of parental respiratory symptoms or 
illness. Categories of parental education in¬ 
cluded: (S) at least one parent who did not 
complete high school, (2) both parents com¬ 
pleted high school* and (5) either parent at¬ 
tended college. Family size was defined as the 
number of persons residing in a household. 
Categorical definitions were used to classify 
children according to whether their mothers 
or fathers had a history or diagnosis of the 
specific respiratory condition under study. 

Pulmonary Function 

A Wedge* spirometer (Med-Srience Elec¬ 
tronics, Burlington, MA) and a two-channel 
recorder (Sanborn Co., Waltham, MA) oper¬ 
ating at a paper speed of 25 mm/s were used 
to measure lung function. Following maxi¬ 
mal inspiration, subjects performed several 
maximal expiratory efforts until 2 satisfac¬ 
tory tracings were obtained. Measurements 
of volume and flow were based on the trac¬ 
ing with the largest vital capacity and were 
adjusted to body temperature and pressure 
saturated with water vapor (arm). 

Seven volume and flow measurements were 
available (46); forced expiratory volume in one 
•econd (FEV t ), forced vital capacity (FVC), 
and forced expiratory flow at 50^» of vital 
capacity (Vmax**) were selected for use in this 
study because they have been used in other 
studies and were available at subsequent ex¬ 
aminations. Lung function analyses reported 
here involved young persons 10 to 19 yr of 
age in 1962 through 1965. 

Measures of Passive Smoking 
Children were classified by smoking habits 
of their household members at the time of 
mterview. Only cigarette smoking and not pipe 
or cigar smoking was taken into account. Five 
measures of passive smoking were developed. 

1. Current and Fast Parental Smoking 
Habits: 


mm • • taipt 'em) tor » to itoywtoto 


Father Never Cuj run Current Never All 
Mother Never Current Never Current Other* 

II. Number of Parental Smokers During 
Child’s Lifetime: (0, 1, and 2). 

III. Number of Current Household 
Smokers: (0, 1, 2, 3, or more). 

IV. Duration of Parental Smoking During 
Child’s Lifetime. 

V. Current Amount of Parental Smoking. 

The first index provided one of the more 

extreme contrasts in passive smoke exposure, 
where children having both parents who new 
smoked are compared with those having both 
parents who were current smokers. Children 
from households where only fathers smoked 
and where only mothers smoked could also 
be compared using this index The “all Others" 
category included children having one or both 
parents who were former smokers. For the 
second index, children were categorized by 
presence or absence of parental smoking dur¬ 
ing the child’s lifetime. To include potential 
prenatal exposure to parental smoking, a 
child’s lifetime was defined as 1 yr before birth 
to the time of examination in 1962-1965* 
Smoking habits of siblings and relatives who 
were 16 yr of age or older were included with 
those of parents in the classification of cur¬ 
rent household smokers. For duration and 
amount of parental smoking, the number of 
years and average number of cigarettes 
smoked per day by each parent were summed. 

Data Analysis 

Prevalence rates of respiratory symptoms and 
illnesses, and levels of lung function in chil¬ 
dren and adolescents were compared across 
parental smoking categories using 5-yr, age- 
and sex-specific groups. Stratification was 
used initially to control for potential con¬ 
founding by parental education, family size, 
parental history of respiratory symptoms or 
illness, and active smoking by adolescents. 
Significance was assessed using standard rand 
chi-square tests for differences between means 
and proportions, respectively. Age-adjusted 
prevalence rates were derived using the age 


distribution of all nonsmoking subjects 0 to 
19 yr of age examined in 1962-1965 as a stan¬ 
dard. A Cochran/Mantel-Haenszel procedure 
was used to test for the avenge partial as¬ 
sociation between passive smoking and a spe¬ 
cific respiratory symptom or illness, control¬ 
ling for the effects of age group and assess¬ 
ing whether a linear trend exists (47). To 
compare age-adjusted means, variances for 
those having or not having a specific respira¬ 
tory condition were calculated, and a stan¬ 
dard z statistic for comparing means with 
known but unequal variances was used to de¬ 
termine significance. 

Multiple logistic regression (48) was em¬ 
ployed to control for potential confounders 
simultaneously. Sex-specific analyses were 
performed using each respiratory condition 
as the response variable. The number of pa¬ 
rental smokers during a child’s lifetime (0; 1, 
2) was selected as the independent variable 
of primary interest and was coded using 2 in¬ 
dicator variables. Parental education, family 
size, parental symptom or illness, as well as 
age of the child were considered as covari¬ 
ates. For asthma a diagnosis of hay fever and 
history of other allergies wctt also included 
in the model as potential predictors. Several 
methods of including age were considered; 
regression coefficients were similar for each. 
Likelihood ratio tests (48) were used to com¬ 
pare methods of including age, to deride 
whether certain variables should be retained 
in the logistic model, and to confirm whether 
or not statistical interaction was present. 
Goodness of fit for these logistic models was 
assessed using methods proposed by Leme- 
show and HosmeT (49), where information 
from both cases and noncases is incorporated. 

Levels of lung function were expressed as 
a percent of predicted or were adjusted using 
analysis of covariance. Predicted values of 
FEV„ FVC, and Vmax M were obtained by 
regressing observed values of asymptomatic 
nonsmokers on age and height separately for 
2 age and sex groups using the population 
Of nonsmoken 10 to 19 yr of age who were 
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TABLE 2 

PREVALENCE Of PARENTAL SMOKING AMONG 
SUBJECTS 0 TO 19 YR Of AGE. TECUMSEH. 
1962-1965 


Ptrtnui Smoking 


Esther 

Metier 

t) 

a 


'Mover 

567 

15.7 


Current 

1.136 

31.5 

Current 

Never 

963 

272 

Mrvvr 

Ceiei 

109 

3 0 

A* Oft*! 

913 

225 

To* 

am 

999 


free ofasthmi and wheeze without colds, and 
if 16 to 19 yr of age, free of cough, phlegm, 
and moderate or severe shortness of breath. 
A total of 1457 nonsmokers 10 to 19 yr of 
age met these criteria and had complete age, 
height, and lung function data (FEV,, FVC, 
or Vmax„). The significant terms of the 
•elected regression model included age and 
height for those 10 to 15 yT of age and height 
only for those 16 to 19 yT of age Regression 
statistics for these models art presented in ta¬ 
ble 1. Models that included powers of height, 
weight, or interaction terms did not increase 
substantially the amount of variation ex¬ 
plained by the simple model employing only 
age and height. Race was not included in the 
models because all subjects are white. Regres¬ 
sion statistics for FEV, and Vmax* were pub¬ 
lished previously for nearly the same group 
of children 10 to 15 yr of age (50), Sex-specific 
regressions were used because of differences 
between males and females in lung growth. 

Analysis of covariance models were also 
used to adjust levels of lung function for age 
and height, parental education, and family 
size (51). The covariance model assumes no 
interaction and a linear relationship between 
covariates and lung function. Tests for equals 
ity of slopes among those exposed and unex¬ 
posed to parental smoking were performed 
to rule out interaction; linearity was also as¬ 
sessed. Both assumptions for the model were 
met (43)j In contrast to the percent of 
predicted method of adjustment, this ap¬ 
proach does not require definition of a heahhy 


standard population and allows comparisons 
to be made in units of actual lung volume 
or flow. 


Results 

Pit valence of Passive Smokint 
Prevalence of passive exposure to ciga¬ 
rette smoke was estimated using two- 
parent households where both parents 
were interviewed (table 2) A total of 
61.7* of all objects 0 to 19 yr of age 
had at least one currently smoking par¬ 
ent; 31J4% had both parents who cur¬ 
rently smoked Having a father as the 
only parental smoker was far more preva¬ 
lent than having a mother as the only pa¬ 
rental smoker (274^i versus 3.CW*). Only 
15.7^* of the subjects 0 to 19 yr of age 
were never exposed to parental smoking. 

Respiratory Symptom and Illness Prevalence 
Prevalence rates of several respiratory 
symptoms and illnesses in Tecumseh have 
been shown previously to vary with age 
and sex (43). Age-specific prevalence 
rates of several respiratory conditions are 
presented in table 3. For most respira¬ 
tory conditions, prevalence rates tended 
to be higher in males than in females, sig¬ 
nificantly so for phlegm, wheeze, asthma, 
and chest colds in at least one of the age 
groups. Cross-sectional frequencies of 
phlegm, wheeze, and chest colds tend to 
decrease as age increases, whereas with 
cough, asthma and bronchitis prevalence 
rates vary with age in a less consistent 
manner. Age-adjusted prevalence rates 
of 4 respiratory conditions are presented 
by parental smoking category for males 
and females in figures 1 and 2, respec¬ 
tively For both sexes and all 4 conditions, 
prevalence rates were higher among non¬ 
smoking children whose parents both 
currently smoked than among children 
whose parents never smoked. Differences 


TABLE 3 


PREVALENCE (%k) OF RESPIRATORY SYMPTOMS AND ILLNESSES BY AGE AND BEX, NONSMOKING 
CHILDREN FROM TWO-PARENT HOUSEHOLDS. TECUMSEH. 1962-1965* 


ftetpirmtory 

Condition 

0-4 


5-9 


10-14 


16-19 


M 

(r - 470) (n 

F 

- 491) 

M 

(n • 555) (n 

F 

- 540) 

M 

<n - 462) <n 

F 

- 460) 

M 

(n - 241) (n 

F 

- 243) 

Cough 

7.6 

• 6 

10.7 

9.5 

10.9 

7.6 

72 

7.9 

Phlegm 

164 

13.5*' 

14.1 

149 

137 

97 

as 

»» 

Wheeze 

31.7 

24.ftt 

206 

1ft 5 

19.5 

150 

17.9 

162 

Attn me 

13 6 

107 

tea 

•2* 

17.0 

9.7* 

13 3 

12 

Bronchitis 

133 

10.5 

159 

126 

11.0 

100 

11:7 

14.5 

Chest coW 

399 

304* 

294 

26.5 

20.9 

190 

19 2 

14 9 


' nem bww P mt** ■«» me* ag» gn up mmg cN-aquw 

’><0 06 
J>< DDV 
*><0.001 



Fig 1. Age-sd)u*ed pttvsience erf nosptroiory aand*- 
bont fry pwtntt) smoking. male nonemoker* 0 fc 19 
yr at ago, Tecumeeh, 1962-1966 


were significant for the majority of coat? 
ditiorn: 

When the number of parental smokers 
during a child’s lifetime was considered, 
age-adjusted prevalence rates were 
highest for children exposed to 2 paren¬ 
tal smokers and generally lowest for un¬ 
exposed children, the trend being signifi¬ 
cant for phlegm, wheeze, asthma, and 
colds settling in the chest among males 
and for wheeze, bronchitis, and colds set¬ 
tling in the chest among females (table 
4). Although not presented in detail here; 
for all respiratory conditions except bron¬ 
chitis in males, parents of nonsmokers 
0 to 19 yr of age reported smoking sig¬ 
nificantly more cigarettes (mean differ¬ 
ences ranged from 1 to 4 per day) and 
for significantly longer periods of time 
(mean differences ranged from 7 to 24 
months) when a gi ven respiratory symp¬ 
tom or illness was reported for their chil¬ 
dren than when it was not reported, af¬ 
ter adjusting for differences in age (p < 
0.0001). 

Previous work in Tecumseh has shown 
that parental smoking habits are related 
to parental education but not to family 
size (43, 52). In this investigation, level 
of education was highest among house¬ 
holds where both parents never smoked. 
Although not shown here, children from wr 
households where both parents currently v 
smoked tended to have higher respiratory 
symptom and illness prevalence rates 
than those where both parents never CO 
smoked within each degree of parental co 
education and family size GO 

When results were stratified by paren- 
tal history of a given respiratory condi- 
tionfthere was some reduction in the 
magnitude of the parental smoking ef- 
feci, yet for several conditions the rela? 
tionship remained significam.for exam¬ 
ple, in households where both parents 
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Fig. 2. AOMdjuiUd pravaianc* o# respiratory eood^ 
toons by parental smoking, tomato nonamokars 0 to 19 
ft of M teumMh, 1962-1965. 

reported a history of phlegm, male off¬ 
spring had a prevalence rate for phlegm 
of 13.4, 12.5, and 18.5% for 0, 1, and 2 
parental smokers, whereas the prevalence 
^rate was 14.9, 9.0, and 17.5%, respec¬ 
tively, when both parents denied history 
of phlegm. Differences remained signifi¬ 
cant for phlegm and asthma among 
males regardless of a history of the same 
symptom or illness in their parents. 

Results obtained using logistic regres¬ 
sion models are presented in table 5. The 
odds ratios represent measures of the 
degree of association between passive 
smoking and each respiratory condition 
controlling for potential confounding by 
age, parental education, and family size. 

° f * m * ie pj° a 

yr of age having asthma are 2.!6 times 
as great If he waa passively exposed to 
1 parents whaainently smoked'tfian If 
lie was tmdeposed. For botlfisexe^and 
almost all respiratory condhlpn^odds 
latios were higher for childx&witn 2 pa- 
itntiiEmoketfcompared yrith: children 
who hadnever been exposed to parental 
d^mte smoke Odds ratios tended to 
be higher for males from households 
where mothers were the only smokers 
than for males from households where 
only fathers smoked. The pattern was 
reversed* though less consistently, for 
females. 

When logistic regression models em¬ 
ploying the number of parental smokers 
during a child's lifetime (0, I, or 2) were 
used as a measure of passive smoking, 
*imilar odds ratios were obtained for 
most respiratory conditions. When chil¬ 
dren with one parental smoker were 
compared with the unexposed reference 
group, odds ratios were frequently close 
to or less than 1.0* yet did not differ sig¬ 
nificantly from 1.0. This suggests that ex¬ 
posure to one parental smoker* who was 


most often the father, is not associated 
with an increased probability of having 
these respiratory symptoms or illnesses. 
In comparing logistic models using the 

2 different passive smoking measures, the 
-2 log likelihood values and the frac¬ 
tion of variance explained by the models 
are almost identical, suggesting that lit¬ 
tle is gained statistically by categorizing 
parental smoking more completely with 
5 as opposed to 3 levels (43). An analysis 
of the goodness of fit for these logistic 
models revealed dose agreement between 
observed and expected cases across 
denies of risk. 

Pulmonary Function 

Mean lung function expressed as a per¬ 
cent of predicted is presented in figure 

3 for nonsmoking males and females 10 
to 19 >7 of age whose parents were both 


never (98 males and 93 females) or cur¬ 
rent (201 malesand 199 females) smokers. 
Mean FEV, and FVC for males and 
Vmax M for females were significantly 
lower if both parents were current 
smokers rather than never smokers. 
Results were virtually identical when 10- 
to 14- and 15- to 19-yr-old age groups were 
analyzed separately. 

Levels of FEV, and FVC for males and 
Vmax« for females were inversely related 
to the number of parental smokers dur¬ 
ing a child's lifetime among nonsmokers 
10 to 19 yr of age. Using analysis of covar¬ 
iance to adjust levels of lung function for 
age and height, male nonsmokers 10 to 
19 yr of age from households where both 
parents smoked had a mean FEV, that 
was 144 ml (4.6%) lower than that for 
males with no parental smokers (table 6). 
Similarly, a deficit of 173 ml (4.9%) in 


TABLE 4 

AGE-ADJUSTED PREVALENCE (H) Of RESPIRATORY CONDITIONS BY SEX AND NUMBER 
Of PARENTAL SMOKERS DURING CHILD'S LIFETIME. NONSMOKERS 
0 TO 19 YR Of AGE. TECUMSEH. 1962-1965* 


_ M*toi _ Fwnatot 

Numb*' of Parental Smokar* Number of Parental Smokar* 

B**ptr*tory 0 T 2 0 1 2 


Condition 

<n . 339} 

(n - T10) 

(n - 661) 

(n . 360) 

<h - 716) 

(n - 646): 

Coogti 

• 6 

14 

114 

64 

6.0 

6.7 

Phtagm 

13 4 

126 

168t 

67 

13.5 

136 

Whaart 

209 

204 
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FVC Ior males 10 to 19 yr of age and of 
185 ml/s (5.1%) in Vmax M for females 
10 to 19 yr of age was observed. 

Although not presented here, mean 
level of lung function tended to be in¬ 
versely related to the total number of 
smokers in the household; this was most 
evident for FEV,% predicted among 
male nonsmokers, yet sample size was 
small, and trends were not significant 
(43). Lung function was also inverse¬ 
ly related to duration and amount of 
parental smoking among nonsmoking 
males 10 to 19 yr of agt but ntn among 
females (43). 

Differences in lung function across pa¬ 
rental smoking categories were similar in 
magnitude when results were stratified 
across levels of parental education and 
family size. When each potential con- 
founder was included in an analysis of 
covariance, model associations between 
passive smoking and impaired lung func¬ 
tion persisted. 

Diacusalon 

Prevalence rates of respiratory conditions 
and level of lung function have been ex¬ 
amined in a defined community for 
nearly 3,500 young persons in relation 
to the smoking habits of their parents. 
The prevalence of passive exposure to cig¬ 
arette smoke in Tecumseh during the 
1962-1965 time period was similar to that 
found in other population surveys (1, 27, 
39). Approximately 62% of those 0 to 
19 yr of age in this study had at least one 
parent who currently smoked compared 
with 54 to 70% reported in other studies. 
Given the large proportion of children 
exposed, the amount of time spent in¬ 
doors, especially by younger age groups, 
and recent energy conservation efforts, 
which reduce ventilation, the public 
health impact of passive smoking could 
be substantial 

Several indirect measures of passive ex¬ 
posure to household cigarette smoke were 
developed from questionnaire data. Most 


investigations to date have used either a 
dichotomous classification or the num¬ 
ber of current parental smokers as ex¬ 
posure variables; only one study defined 
exposure to parental smoking with ref¬ 
erence to the child's lifetime (25). A few 
studies have classified exposure based 
on the number of cigarettes currently 
smoked per day (5, 9,18, 53). Although 
results of this investigation were gener¬ 
ally similar for all measures of passive 
smoking, current and past smoking 
habits and the number of parental smok¬ 
ers during a child's lifetime were most 
useful in assessing passive smoking and 
respiratory outcomes. Misclassification 
of exposure was a potential problem both 
for this investigation and others preced¬ 
ing it. The frequency of contact between 
children and their parents while cigarette 
smoking occurred, as well as exposure 


patterns in day care settings for young 
children of working parents, are addi¬ 
tional factors that should be addressed 
to future research. 

Passive exposure to cigarette smoke 
was associated with increased prevalence 
of phlegm, wheeze, asthma, and colds 
settling to the* chest among males, and 
wheeze, bronchitis, and colds settling in 
the chest among females in -Tecumseh. 
Several cross-sectional studies have 
demonstrated significant associations be¬ 
tween parental smoking and phlegm (17), 
wheeze (17, 21), bronchitis (5-7), and 
asthma (12,15), whereas-others have not 
documented such associations (16, 27). 
The lack of significant association be¬ 
tween parental smoking and history of 
cough in this study was consistent with 
results of several studies (16, 27) but not 
with those of others (17-19, 22). Came¬ 
ron and Robertson (4) were among the 
firsuo suggest that differences in illness 
prevalence related to parental smoking 
might be of greater magnitude in geo¬ 
graphic locations where more time is 
spent indoors because of the climate. 

The significant inverse relationship ob¬ 
served in this investigation between pa¬ 
rental smoking and level of lung func¬ 
tion to nonsmokers 10 to 19 yr of age is 
consistent with several previous studies 
(21, 23-26, 54) but not with others (17, 
27,28, 30). Most of the studies showing 
a positive association also demonstrated 
a dose-response relationship. Results of 


TABLE 6 

MEAN (* SE) LUNG FUNCTION IN CHILDREN ADJUSTED FOR AGE AND/OR HEIGHT USING 
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this research tend to support these find¬ 
ings for several measures of lung func¬ 
tion, although the minimal level at which 
an effect of parental smoking can be de¬ 
tected remains unclear. Investigators have 
suggested that the lack of association ob¬ 
served in several studies may be due to 
climatic factors (17, 27), selection of a 
pulmonary function measure (peak ex¬ 
piratory flow), which may not be ade¬ 
quately sensitive (30), or small sample 
size (55). Schilling and coworkers (28) did 
not show a significant relationship in 
general, ah.bough significantly lower 
maximal flow at 50% of FVC (MEF*> 
or Vmaxw,) was observed among non¬ 
smoking girls whose mothers smoked. 
Tkger and coworkers (55) suggested that 
a larger sample might have revealed a 
similar relationship among boys. 

Measures of lung function in Tecum- 
seh children were not entirely indepen¬ 
dent, because values for children of the 
same household were correlated. Intra- 
class correlation coefficients of approx- 
' imately 025 have been observed between 
siblings, with 0.46 between male siblings 
and 0.66 between female siblings in 
Tecumseh (44). When a random sample 
of one child per household was selected 
from this population, results were essen¬ 
tially unchanged, demonstrating that a 
lack of independence would not account 
for the observed association with passive 
smoking. 

Several investigators have adjusted 
children’s lung function by their parent’s 
lung function (28) or by their parent’s 
body mass (56). It is likely, as suggested 
by Weiss and associates (57), that this ad¬ 
justment would mask a true passive 
smoking effect, should it exist. 

Several investigators have attempted to 
control for potential confounders of the 
relationship between passive smoking 
and respiratory outcomes. For example, 
Fergusson and colleagues (5) demon¬ 
strated an increase in bronchitis and/or 
pneumonia during the first 2 yr of life 
in children of mothers who smoked af¬ 
ter controlling for socioeconomic status, 
family size, and maternal age. Several in¬ 
vestigators have shown that the associa¬ 
tion of passive smoking with impaired 
lung function remains significant after 
controlling for parental education (23„ 
24), sibship size (21,23), and the child’s 
own smoking (25). Results from this 
study indicate that associations of paren¬ 
ts! smoking with prevalence of respira¬ 
tory conditions and lung function are in¬ 
dependent of parental education and 
family size. 

Cigarette smoking by children may be 


related to both parental smoking and the 
respiratory outcomes under study. In this 
research, significant relationships be¬ 
tween measures of passive smoking and 
respiratory outcomes have been demon¬ 
strated among children and adolescents 
who were presumed to be never smokers. 
There is a possibility that some of the 
observed passive smoking effect in chil¬ 
dren 10 to 15 yr of age might be due to 
unreported active smoking, and some of 
the effect in those 16 to 19 yr of age might 
be due to inaccurate reporting of their 
smoking habits. In subsequent analyses, 
subjects who were reexamined 15 yr later 
and reported cigarette smoking at an age 
that was younger than their baseline ex¬ 
amination in 1962*1965, were also ex¬ 
cluded and, in general, results were un¬ 
changed. It is unlikely that observed as¬ 
sociations between respiratory conditions 
and parental smoking among the young¬ 
est age groups could be explained by ac¬ 
tive smoking by the children themselves. 

Parents who smoke and report respi¬ 
ratory symptoms or illnesses themselves 
may tend to overreport respiratory con¬ 
ditions in their children; this parental 
reporting bias has been raised as a possi¬ 
ble explanation for passive smoking 
health effects (6, 7, 16, 17, 27, 57). 
Schenker and associates (16) suggested 
that associations between passive smok¬ 
ing and respiratory symptoms and ill^ 
nesses may be due to shared genetic 
and/or environmental factors, or to over- 
reporting by symptomatic parents for 
their children. Weiss and colleagues (58) 
found an increased risk of atopy in non¬ 
smoking children of smoking mothers 
that was not explained by maternal 
reporting bias. When stratification or 
logistic regression was used in the pres¬ 
ent research to control for parental 
reporting bias, trends were occasionally 
diminished^ yet relationships generally re¬ 
mained significant. 

It is possible that some of the observed 
association with passive smoking might; 
be due to gas cooking or heating. The 
relationship between gas cooking or heat¬ 
ing and respiratory conditions (16,29,53, 
59-61), and associations with lung func¬ 
tion have been demonstrated in some 
studies (23* 29) but not in others (54, 55, 
59* 62). Results of a pilot study involv¬ 
ing a sample of 213 nonsmoking women 
from Tecumseh did not show a signifi¬ 
cant relationship between gas cooking 
and FEV, (62). Schenker and associates 
(16) did not find gas cooking to be an 
independent risk factor for chronic re¬ 
spiratory symptoms or illnesses. 

In general, respiratory conditions were 


more prevalent and, although not 
reported here, lung function was lower 
for male offspring when the only smoker 
in a household was the mother rather 
than the father (43). Stronger associa¬ 
tions with maternal smoking than with 
paternal smoking have been observed in 
a number of studies (5, 15, 16, 21, 23* 

53-55,61* 63,64) This is consistent with 
a potentially greater passive exposure of 
children if their mothers smoke than if 
their fathers sjpoke, because of more time 
spent by offspring in the presence of their 
mothers during this time period. In this 
study, associations of passive smoking 
with respiratory conditions and lung 
function appeared stronger among 
younger than among older age groups 
and among males rather than among fe¬ 
males. Higher prevalence rates of respi¬ 
ratory symptoms and illnesses have been 
observed among younger age groups (2, 

5, 21) and among male children (21, 65). 

Younger age and male sex have been iden¬ 
tified as independent risk factors for 
acute respiratory illnesses and chronic re¬ 
spiratory symptoms (16). Associations 
between maternal smoking and lung 
function were strongest among younger 
male children in one study (64) and 
among female children in others (2124, 

26, 54). 

The apparent sex difference observed 
in this research was not explained by a 
difference in dose or duration of exposure 
to parental smoking. Confounding by ac¬ 
tive smoking could account for some of 
the significant associations observed in' 
males 10 to 15 yr of age if a greater 
proportion of males than of females were j 

active smokers. However, such confound- ij 

ing would not account for such associa¬ 
tions in the younger age groups. As sug¬ 
gested by Taussig and coworkers (66), the 
sex differential in response to parental 
smoke exposure may have a physiologic 
basis. The higher prevalence and inci¬ 
dence of asthma among males, for 
example, may be consistent with an in¬ 
creased susceptibility of males to side- 
stream cigarette smoke or other pollu¬ 
tants. Weiss and associates (58) recently 
demonstrated significantly elevated odds 
ratios for atopy in males but not in fe¬ 
males with a prior history of bronchioli¬ 
tis or croup. 

The magnitude of association bet ween 
parental smoking and children’s lung 
function appears similar to that found 
in other studies. Whether a decrement 
of 144 ml in FEV, (4.6^«) associated with 
having 2, compared with no, parental 
smokers will become clinically significant 
with increasing age remains to be inves- 
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tigated. Tiger and associates (55) recently 
reported a deficit in expected growth, of 
lung function in children participating 
in the Six-Cities Study, Additional lon¬ 
gitudinal studies should be conducted to 
further substantiate these long-term ad¬ 
vene effects and to quantitate the mag¬ 
nitude of impact that exposure to paren¬ 
tal cigarette smoke may have on respira¬ 
tory health. More accurate estimates of 
passive smoking using specifically de¬ 
signed questionnaires and biochemical 
markers such as cotinine in urine or saSva 
are needed. 
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